Typical Pressurized Water Reactors (PWR) fuel rods are manufactured using zirconium-based alloys as cladding and slightly enriched UO 2 sintered pellets as fuel. However, in the last years efforts have been made to develop Accident Tolerant Fuels (ATF) focusing mainly in new materials to replace the cladding in order to avoid the exothermic reaction with steam experienced by zirconium-based alloys under accident conditions as observed during the Fukushima Daiichi accident. In this sense, iron-based alloys appear as a possibility to replace conventional zirconium-based alloys, and the effect of the pellet geometry in the performance of iron-based alloys fuel rods shall be investigated. The fuel pellet geometry experiences changes due to irradiation can promote early gap closure, mechanical loadings to the cladding and/or bamboo effects due to the combination of loads and irradiation creep, and all these effects depend also on the cladding properties. The objective of this paper was to address the influence of geometric parameters in the fuel pellet behavior of a stainless steel fuel rod by means of structural mechanical analysis using the well-known ANSYS software. The parameters evaluated in this paper considered fuel pellet with and without chamfer and dish. The data related to the fuel pellet performance under irradiation were obtained using a modified version of the FRAPCON code considering stainless steel as cladding. Results obtained from mechanical evaluation considering the effects through the responses of the axial, radial, plastic deformations, and resulting tensions were evaluated.
INTRODUCTION
Nowadays, efforts to improve the fuel system under accident condition became main stream of research and development in the fuel design area, especially the use of new alloys to overcome some of well-known existing problem with zirconium-based alloys cladding. Under this context, this work address the fuel pellet geometric design using iron-based alloy as cladding material, specifically stainless steel 348. This material presents better properties compared to zirconium-based alloys, such as high thermal conductivity, and high thermal expansion. Those material properties combined to adequate fuel pellet geometry can improve the fuel system performance under normal and accident condition.
During the reactor operation, the geometry of the UO2 fuel pellet changes in relation to its original shape due to the following main effects: thermal expansion that includes distortions in the original form, formation of cracks, and relocation of pellets fragments; and swelling and densification that is a phenomenon associated with burnup and the effect of restructuring in the pellet.
The effects of thermal expansion are proportional to the reactor power and act directly from the beginning of the reactor operation. When the reactor is gradually brought to full power, the cylindrically shaped pellets expand thermally, distorting in the shape of an "hourglass" with convex contact faces. For a relatively low power level, the thermal stresses in the tangential direction generate radial cracks which can expand and promote mechanical interactions with the inner surface of the cladding causing Pellet Cladding Mechanical Interaction (PCMI). During power variations (cycling conditions) occur the relocation of the fuel pellet fragments associated with the effects above described. Relocation also can contribute to reduce the gap between the fuel and the cladding.
Changes in the fuel morphology caused due to high temperature level thermal gradient are characteristic of the fuel "restructuring" phenomena subjected to high burnup. The "restructuring" phenomena involves the equiaxial growth of grains in the intermediate region of the fuel, pore migration, and fission gas bubbles leading to the appearance of columnar grains and voids. The direct result of these interactions is the "redistribution" of fuel to the periphery region.
At high burnup conditions, the swelling of the pellet may predominate over densification and in association with the "relocation" and "restructuring" effects can contribute to increase the fuel pellet diameter when compared to thermal expansion.
MATERIALS AND METHODS

Geometry of the Fuel Pellet
Initially, three different fuel pellet geometries were evaluated:
1-fuel pellet with flat contact faces (without dish, edges or chamfers); 2-fuel pellet with dish; and 3-fuel pellet with dish and chamfer.
The dimensions adopted to perform the evaluation were based on regular dimensions of standard western PWR.
Computacional Tools
The verification and analysis of the variation of the most suitable geometry for the fuel pellet were carried out considering basically two computational tools: a modified fuel performance code based on FRAPCON [1] , and ANSYS [2] mechanical-structural analysis computational code.
FRAPCON is an analytical computational code for the calculation of nuclear fuel performance for Light Water Reactors (LWR) with cylindrical fuel rod. The FRAPCON computational code is recommended when power and operating conditions change slowly allowing the steady-state condition to be applied [1] . The code was initially developed in FORTRAN language in a modular way to consider only zirconium-based alloys as cladding material, however the modularity allows changing the subroutines associated with the cladding material, thus adapting the code to evaluate the performance of different cladding materials [3] .
The changes in the original FRAPCON computational code subroutines were performed to consider the stainless steel 348 as cladding. The modified version of the FRAPCON computational code, called IPEN-CNEN/SS [4] , was used to determine the spatial distribution of the temperature along of radial direction of the fuel pellet with different geometries considering a given reactor operating condition.
The ANSYS computational code is a widely known tool used to perform multi-physical simulations using finite element method and finite volume method. This code was used to establish the strain and deformations resulting from the temperature distribution previously obtained using the IPEN-CNEN/SS code. The tensile and strain distribution calculations were obtained considering the three different geometries of the fuel pellet. Table 1 shows the temperature distribution for 13 concentric rings (spatial intervals in the radial direction) obtained from IPEN-CNEN/SS code simulation. The thermal and mechanical properties of uranium dioxide pellets were extracted from references [5] and [6] and are shown in Table 2 . The variables for the ANSYS code, such as thermal expansion, thermal expansion coefficient, modulus of elasticity, thermal conductivity, specific heat, enthalpy, density, and fracture stress were calculated as a function of the temperature distribution as shown in Table 1 . The Poisson coefficient was taken as constant and equal to 0.316 [7] .
The thermal conductivity, specific heat, enthalpy, and thermal expansion data obtained from literature [5] are presented below. a) Thermal Conductivity: The fracture stress is based on the ffracs subroutine existing in the material data [6] used by the IPEN-CNEN/SS computer code, the equation adopted is: For temperatures greater than 1000 K the fracture stress remains constant. For the radial expansion, the differences observed between the different geometries of the pellet are in the range of thousandths of millimeters.
RESULTS AND DISCUSSION
Therefore, the axial and radial expansions are smaller for the pellet configuration containing the dish and chamfer.
Figs. 4 to 6 illustrate a 3D view with axial and radial expansions obtained by the ANSYS code for each studied pellet geometry. These illustrations corroborate with the graphics below.
The configuration of the fuel pellet with the flat surface has maximum axial expansion of 0.0513 mm and radial expansion at the end of the pellet of 0.0375 mm. For the pellet with dish, the maximum axial expansion is 0.0503 mm and the radial expansion is 0.0377 mm. For the fuel pellet with dish and chamfer configuration, the greatest axial expansion is 0.0503 mm, the radial expansion occurring at the chamfer of the pellet with 0.0362 mm. It is observed that this last pellet configuration is the one with the smallest radial deformation. and chamfer configuration. This pellet configuration contributes to the reduction of the occurrence of the circumferential ripples effect on the cladding ("bamboo") of the fuel rods and also prevents the formation of fragments (chips) in the pellet. The fuel pellet with appropriate size of dish and chamfer shall present a better performance during the irradiation and contribute to minimize the occurrence of PCMI effects during the irradiation even considering the higher thermal expansion experienced by stainless steel compared to zirconium-based alloys.
The maximum strain for the three geometries of the fuel pellet is located in the external parts, being superior to the fracture stress, about 131 MPa, promoting cracks in the three configurations of the pellet as expected.
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